INTRODUCTION
============

Septic encephalopathy (SE) is a common but not well-understood complication of sepsis that affects between 9% and 71% of septic patients,^([@r01]-[@r04])^ depending on the diagnostic criteria used. SE may be defined as a cerebral disorder resulting from metabolic and cellular signaling changes that are mediated by inflammatory components.^([@r02])^ SE is typically an early event during the natural evolution of the disease and often appears prior to the failure of other organs.^([@r02],[@r05])^ Moreover, SE is associated with a worse prognosis.^([@r06])^

SE not only is associated with high hospital mortality (16%-63%),^([@r02])^ but also can lead to long-term cognitive and functional limitations in those patients who survive.^([@r07])^ Because of the possible consequences associated with this organ dysfunction, early diagnosis of brain injury can help identify those patients with more severe disease who require increased surveillance and immediate intervention. However, the clinical signs can vary based on the patient\'s degree of sedation; moreover, the clinical signs may be nonspecific, as several diseases are commonly associated with a reduced level of consciousness or agitation, disorientation, poor concentration, delirium, and coma.^([@r01],[@r04],[@r05],[@r08])^ Together, these factors render SE a diagnosis of exclusion.^([@r01],[@r02],[@r09])^ Thus, clinical criteria, which are based on electrophysiological and biochemical tests, should be used in diagnosing SE.^([@r03])^ In this context, SE biomarkers^([@r02])^ would be useful for monitoring brain dysfunction and predicting mortality,^([@r10])^ although the exact function of these markers in managing septic patients remains unclear.^([@r11])^ Among the various biomarkers currently in use, neuron-specific enolase (NSE) and S100 beta are the most promising.

NSE is a γγ isomer of the cytoplasmic glycolytic enzyme that is found in neurons and neuroendocrine cells.^([@r12])^ NSE is released into the blood and cerebrospinal fluid during brain damage.^([@r13])^ S100 beta is a calcium-binding protein that belongs to the S100 family, which is composed of low-molecular-weight, multigene proteins.^([@r14])^ S100 beta is produced by astrocytes in the central nervous system (CNS) but has both a neuroectodermal and mesodermal origin^([@r15]\ )^ and can therefore be expressed by other cells such as chondrocytes, adipocytes, and melanocytes. The exact mechanism by which S100 beta is excreted is still unknown but appears to be related to the oxidative stress^([@r16])^ produced when neural tissue is attacked.

The aim of this systematic review is to highlight the importance of the biomarkers S100 beta and NSE in diagnosing and monitoring SE.

METHODS
=======

A systematic PubMed search was performed for scientific articles related to SE biomarkers, employing the following search terms:

\"((((((S-100beta) OR S-100 beta) OR S100beta) OR s100b) OR neuron-specific enolase) OR NSE) AND sepsis\".

In addition to this search strategy, the keyword \"septic encephalopathy\" was used, and abstracts of all the resultant publications were evaluated to identify possibly relevant studies.

For the initial analysis, studies published in English between January 1, 2000 and April 31, 2012 were selected.

To select the studies, the following inclusion criteria were used: prospective cohort studies, clinical trials that used biomarkers as evaluation parameters, and cross-sectional studies. Furthermore, studies were selected that used at least one method of neurological assessment, such as the Glasgow coma scale (GCS), the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU), computed tomography (CT), magnetic resonance imaging (MRI), electroencephalography (EEG), and intracranial pressure (ICP) or direct measurements of cerebral spinal fluid (CSF) markers. Studies were excluded from this review if the methodology did not fit the inclusion criteria, did not assess SE, did not measure NSE or S100 beta levels, included pregnant women in the patient cohort, or employed nonhuman experimental models.

The references in these selected articles were also used to identify additional studies.

The search for articles was performed independently and blindly by all of the present authors, who strictly adhered to the defined inclusion and exclusion criteria. The results obtained by each author were subsequently compared. In the case of disagreement over the selected articles, the publications were reassessed together by the authors, who deliberated on the relevance of the studies and whether to include them in the present review.

RESULTS
=======

Using the predefined search strategies, 130 studies were identified. Of these studies, 121 were excluded, as shown in [figure 1](#f01){ref-type="fig"}. Some of the excluded studies fulfilled more than one exclusion criterion but were grouped into only one category. No relevant studies were found in the reference sections of the selected articles.

![Flowchart of the studies selected for systematic review. NSE - neuron-specific enolase.](rbti-25-01-0056-g01){#f01}

Among the studies included in this review ([Table 1](#t01){ref-type="table"}), the majority had a non-probabilistic sampling design and included patients who were treated at their respective health services for sepsis,^([@r17]-[@r20])^ severe sepsis,^([@r10],[@r17],[@r19]-[@r21])^ and septic shock.^([@r10],[@r17],[@r20],[@r22],[@r23])^ The diagnoses for these studies were based on the criteria established by the American College of Chest Physicians (ACCP) and the Society of Critical Care Medicine (SCCM). Only one study was conducted using initially healthy individuals.^([@r23])^ Three studies analyzed children^([@r18],[@r19],[@r22])^ who were 15 years of age or younger,^([@r22]\ )^ whereas the other investigations only included adults older than 18 years in their cohorts. The most frequently encountered exclusion criteria in these studies were primary CNS diseases (i.e., meningitis, encephalitis, stroke, epilepsy, and tumors),^([@r10],[@r17]-[@r20],[@r22],[@r23])^ metabolic neurological causes,^([@r10],[@r17],[@r20],[@r22])^ disorders secondary to non-septic recent surgery for cardiac revascularization,^([@r10],[@r22]\ ,\ [@r23])^ and neurosurgery.^([@r10],[@r19],[@r23])^ Five studies used control groups to compare their results,^([@r10],[@r18],[@r19],[@r22],[@r24])^ whereas three studies compared their results between subgroups of septic patients formed based on other evaluation criteria, such as GCS^([@r21],[@r23])^ and CAM-ICU.^([@r17])^ One group of researchers performed transcranial Doppler ultrasonography on their patients and used indirect measurements of ICP and cerebral perfusion pressure to compare their results.^([@r20])^

###### 

Characteristics of the studies investigating biomarkers of septic encephalopathy

  Author                              Year   Study design             Population studied                                                                                      Sample   Biomarker used   Evaluation criteria    Clinical significance
  ----------------------------------- ------ ------------------------ ------------------------------------------------------------------------------------------------------- -------- ---------------- ---------------------- ------------------------------------------------------------------------------------------------------------------------------------------
  Rodríguez-Nuñez et al.^([@r18])^    2001   Cross-sectional cohort   Children 1 to 15 years of age with sepsis                                                               182      NSE              None                   The time or intensity of hypoxia was not sufficient to cause neuronal damage
  Nguyen et al.^([@r10])^             2006   Prospective cohort       Patients 18 to 89 years of age with severe sepsis and septic shock                                      220      S100 beta NSE    GCS, MRI and CT        S100 beta levels are predictors of mortality in the ICU and more accurately reflect the development of encephalopathy and brain damage
  Piazza et al.^([@r21])^             2007   Prospective cohort       Patients between 49 and 84 years of age with severe sepsis                                              21       S100 beta        GCS, EEG, CT           The increased S100 beta levels were not related to the severity of neurological dysfunction
  Hsu et al.^([@r22])^                2008   Prospective cohort       Children between 3 months and 21 years of age with septic shock                                         56       S100 beta NSE    EEG                    Increased S100 beta and NSE levels strongly suggest neurological injury
  Pfister et al.^([@r17])^            2008   Prospective cohort       Patients between 18 and 90 years of age with sepsis, severe sepsis, or septic shock                     16       S100 beta        CAM-ICU                S100 beta levels are correlated with sepsis associated with delirium, but its diagnostic role needs further study
  Pfister et al.^([@r20])^            2008   Prospective cohort       Adults with an average age of 67 years, who had sepsis, severe sepsis, or septic shock                  15       S100 beta        PPC and ICP            The increased concentration of S100 beta is related to low cerebral perfusion pressures
  Hamed et al.^([@r19])^              2009   Prospective cohort       Septic children between 1 and 180 months of age                                                         75       S100 beta        GCS, EEG, MRI and CT   S100 beta levels suggest a direct involvement of this biomarker in septic encephalopathy
  Spapen et al.^([@r23])^             2010   Clinical trial           Patients between 56 and 82 years of age with septic shock                                               54       S100 beta        GCS                    S100 beta is a potential biomarker for diagnosing and monitoring septic encephalopathy
  van den Boogaard et al.^([@r24])^   2010   Clinical trial           Previously healthy males between 1 and 25 years of age who volunteered for the administration of LPS,   25       S100 beta NSE    EEG                    There were no signs that acute systemic inflammation increases the levels of specific proteins in the brain or alters cognitive function

NSE - neuron-specific enolase; GCS - Glasgow Coma Scale; EEG - electroencephalogram; ICU - intensive care unit; MRI - magnetic resonance imaging; CT - computed tomography; CAM-ICU - confusion assessment method for the intensive care unit; CPP - cerebral perfusion pressure; ICP - intracranial pressure.

The biomarker analyses were performed using different types of tests. Some studies used enzyme immunoassays (ELISAs),^([@r18],[@r19],[@r22]\ )^ one used the LIAISON Sangect 100 commercial kit,^([@r21])^ two used radioimmunoassays,^([@r10],[@r23])^ one used a luminometric assay,^([@r23])^ and two studies^([@r17],[@r20])^ did not specify the type of assay that was used. Furthermore, different maximum values for normal blood concentrations of S100 beta were observed in the adults (0.105 mg/L, 0.12 mg/L, \<0.15 mg/L, and 0.5 mg/L).^([@r10],[@r17],[@r20],[@r21],[@r23],[@r24])^ Serum levels of NSE that were≤12.5 mg/L were considered normal in three studies.^([@r10],[@r23],[@r24])^

NSE:
====

Among the selected studies, four^([@r10],[@r18],[@r22],[@r24])^ evaluated NSE. In the pediatric populations, one study demonstrated elevated NSE serum concentrations in patients with septic shock compared with the control group (96.6 mg/±8.9 versus 4.0 mg/±1.3, p\<0.001).^([@r22])^ EEGs performed on six children with shock indicated a 100% incidence of neurological alterations suggesting encephalopathy. The study by Rodríguez-Núñez et al.^([@r18])^ analyzed the CSF of children with sepsis, who presented higher biomarker concentrations than the control group did (1.58ng/m±0.81 versus 1.52ng/m±1.01), but this difference was not significant.

One study of adults with severe sepsis and septic shock revealed elevated levels of NSE in 70% of patients diagnosed with encephalopathy, which was based on persistent neurological changes for at least 72 hours after weaning from sedation.^([@r10])^ In the study by van den Boogaard, who analyzed a previously healthy population, blood samples collected during the induction of systemic inflammation by administering *Escherichia coli* lipopolysaccharide (LPS) presented decreasing concentrations of NSE in the short term (11.1 mg/±0.47 to 7.7 mg/±0.39; p\<0.0001).^([@r24])^

One study correlated increased patient mortality with higher NSE concentrations,^(\ [@r22])^ whereas another study revealed no correlation between these variables, despite having demonstrated that patients who had NSE levels \>30 μg/L died.^([@r10])^

S100 beta
=========

The association between S100 beta and SE was studies,^([@r10],[@r17],[@r19]-[@r24])^ investigated in eight five of which correlated elevated biomarker levels with the development of SE.^([@r10],[@r17],[@r19],[@r22],[@r23])^ One study identified high serum concentrations of S100 beta in patients with low cerebral perfusion pressure.^([@r20])^ The four studies that used GCS to clinically diagnose SE revealed elevated levels of S100 beta in the patients with the lowest scores.^(\ [@r10],[@r17],[@r19],[@r23])^ Of the studies that used EEG as an evaluation criterion, two associated electroencephalographic abnormalities with increased serum concentrations of S100 beta.^([@r19],[@r22])^ Additionally, four studies correlated elevated biomarker levels with increased mortality,^([@r10],[@r17],[@r20],[@r22])^ and two studies confirmed the use of S100 beta as a method of monitoring brain damage during sepsis.^([@r10],[@r23])^

However, two studies found no correlation between the increased S100 beta serum concentrations and the development of SE.^([@r21],[@r24])^ Both studies used EEG as an evaluation criterion and revealed no correlation between the test standards and the biomarker levels. Moreover, the study that used GCS showed no correlation between the GCS scores and the serum concentrations of S100 beta, suggesting that the severity of brain damage cannot be defined based on the levels of this protein.^([@r21])^

DISCUSSION
==========

The present review identified a positive association between elevated levels of NSE and S100 beta and the development of encephalopathy secondary to sepsis. The findings suggest that these biomarkers may facilitate diagnosis of this complication, which is common but often undiagnosed.^([@r06])^

The pathophysiology of SE appears to be multifactorial. The disease results from the interaction and overlapping of various mechanisms related to the systemic inflammatory response,^([@r05])^ including oxidative stress, proinflammatory and anti-inflammatory mediators, the complement cascade, endothelial dysfunction, blood-brain barrier disruption, and microvascular failure.^([@r01],[@r25])^ This entire process leads to dysfunction, apoptosis, and cell death. Therefore, the development of this disease is more closely related to the inflammatory response than to the infectious agent alone.

Various clinical tools have been used to diagnose SE. CAM-ICU is a validated scale for identifying *delirium* and is capable of accessing different aspects of a person\'s mental state, including attention, thought organization, and consciousness.^([@r26])^ GCS is another scale that is used to diagnose SE and, although initially designed to assess the level of consciousness in trauma patients, is now used in patients with a variety of disorders^([@r04],[@r27])^ However, during identification of an altered level of consciousness, the clinical findings are frequently nonspecific and cannot specify the cause of the neurological syndrome.

The use of sedation, a practice that is still common in intensive care units, may also contribute to an inaccurate assessment of a patient\'s state of consciousness. Imaging methods may serve as alternatives; however, CT does not identify definitive changes in SE cases, whereas MRI is often useful for diagnosing brain abnormalities and may eventually facilitate the determination of a prognosis.^([@r28])^ Furthermore, these imaging methods are expensive, and the transport of patients to undergo the exam has been a major limitation for use.^([@r28])^ Young et al. investigated EEG and concluded that it is a sensitive method for evaluating brain function in SE,^([@r29])^ but again, sedation is a limiting factor in employing this method.^([@r04],[@r21])^ Thus, in the absence of well-defined criteria for diagnosing SE,^([@r01])^additional and more accurate methods must be examined.

In this context, the search for biochemical markers appears to be a natural process. Once the sensitivities and specificities of these biomarkers have been established, their application is generally easy because they can be measured when samples are collected from patients (regardless of the clinical status) and because there is no requirement for patient transport or for a specialized professional to perform the procedure. Different studies have used S100 beta and NSE as biomarkers that can correlate patient outcomes with severe traumatic brain injury.^([@r30])^ Stein et al. found elevated concentrations of S100 beta in patients who were admitted with brain damage following trauma and who had a worse prognosis.^([@r30])^ Other researchers have identified a correlation between the biomarkers and nontraumatic ischemic brain injury, such as cardiac arrest (CA)^([@r31]-[@r33])^ and surgical cases of cardiac revascularization.^([@r34],[@r35])^ González-García et al. found significantly elevated serum concentrations of NSE and S100 beta in patients with arterial ischemic stroke (AIS) compared with the control group (NSE: 11.2 µmol/L versus 9.5 µmol/L, with p=0.0135; S100 beta: 127 nmol/L versus 84.6 nmol/L, with p=0.0000).^([@r36])^

Few studies have attempted to directly associate S100 beta and NSE with SE. Six studies included in the present review correlated these biomarkers with the development of SE^([@r10],[@r17],[@r19],[@r20],[@r22],[@r23])^ and thus analyzed distinct populations. The studies by Hsu et al.^([@r22])^ and Hamed et al.^([@r19])^ focused on the pediatric population, whereas the remaining studies^([@r10],[@r17],[@r20],[@r23])^ included adults and seniors. This variation in cohorts associated with similar clinical findings suggests that S100 beta and NSE may be used as biomarkers for SE in the general population. Most of these studies included only patients with severe sepsis and septic shock, i.e., in advanced stages of infection, during which organ dysfunction already exists. Because SE is usually an early event in the natural evolution of sepsis,^([@r03],[@r06])^ patients in this phase of the disease most likely have already developed encephalopathy, and the use of biomarkers would be one way to confirm this clinical suspicion.

In their study, Hamed et al.^([@r19])^ also included septic patients who did not display any clinical or EEG evidence of neurological damage. Notably, this group had S100 beta serum concentrations that were higher than in the non-septic patients, suggesting the early occurrence of brain damage during sepsis and highlighting the limited sensitivity of other tests in diagnosing this pathology. Another important finding in the study by Hamed et al. was that the biomarker concentrations in the CSF are higher than those in the blood, which corroborates the theory of increased intrathecal production of S100 beta during sepsis. Conversely, several authors have argued that S100 beta may not be a specific cerebral biomarker,^([@r22])^ as extracranial foci of elevated levels of this protein (such as in the heart, skeletal muscle, and kidney) have been described.^([@r17],[@r20])^ Nevertheless, Nguyen et al.^([@r10])^ used postoperative patients who had undergone surgical revascularization as a control group in their study and did not find elevated concentrations of NSE or S100 beta in this group.

The primary objective of the studies conducted by Spapen^([@r23])^ and Pfister^([@r20])^ was not to evaluate the use of S100 beta as a biomarker of SE; however, in the first investigation, high concentrations of this protein were found in patients with GCS scores \<13, which is consistent with the results reported in other studies that evaluated S100 beta as a diagnostic criterion for SE. Furthermore, this clinical trial is a good example of using this protein to monitor patients. In addition, Pfister^([@r20])^ correlated low cerebral perfusion pressures with elevated serum S100 beta levels in patients with sepsis, severe sepsis, and septic shock. Although brain perfusion is not a proven diagnostic method for SE, low perfusion pressure is one of the pathophysiological mechanisms of SE that has been previously cited, and low perfusion pressure may be an indirect signal of CNS injury. Therefore, this finding strengthens the association between S100 beta and SE.

Three other studies included in the present review did not associate SE with elevated concentrations of these biomarkers.^([@r18],[@r21],[@r24])^ One such study was conducted by Rodríguez-Núñez et al.,^([@r18])^ who analyzed the CSF concentrations of NSE in children with sepsis. This cross-sectional study model may be considered a limiting factor because the duration of the disease might not have been sufficient for ischemia and neuronal damage to develop.

Based on the close relationship between the inflammatory response and the pathophysiology of SE, van den Boogaard et al.^([@r24])^ studied the behavior of NSE and S100 beta in previously healthy subjects with a transient systemic inflammatory response induced by the administration of *E. coli* lipopolysaccharide (LPS). Serum concentrations of cortisol, inflammatory cytokines, NSE, and S100 beta, as well as electroencephalographic abnormalities, were the parameters used to evaluate the results. However, no evidence was found indicating that acute inflammation causes increased serum concentrations of specific cerebral proteins. However, such findings cannot be considered definitive. The timing of the experiment may be a limiting factor in the study because, after 8 hours of monitoring, the inflammatory cytokines, which had increased significantly, returned to their basal levels; therefore, the inflammatory response, which is a key element in the development of encephalopathy, was not perpetuated. However, it is possible that the quantity of LPS administered was one factor responsible for these findings. Viral load is a major determinant of the inflammatory response during infection; thus, the amount of LPS administered might not have been sufficient to produce an inflammatory response that could cause brain damage and consequently increase the serum concentrations of these biomarkers.

Of the studies included in this systematic review, four used GCS as a parameter for correlating biomarker levels in the evaluation of encephalopathy.^([@r10],[@r19],[@r21],[@r23])^ Piazza et al.^([@r21])^reported that S100 beta could not indicate brain injury in septic patients upon admission because the protein concentrations did not correlate with the GCS findings. However, the study did not demonstrate that all patients with a GCS score\<8 had elevated serum concentrations of S100 beta, with the exception of one patient who had a Glasgow score of 8. Adequate weaning from sedation might also have influenced the results, but because the study did not report the type of sedation used or the interval between the discontinuation of sedation and application of GCS, there is no way of determining how much the sedation interfered with the patient assessment.

Regarding the use of NSE and S100 beta in monitoring these patients, the studies yielded conflicting results, especially for S100 beta. Seven studies performed serial assessments of the levels of these biomarkers,^([@r10],[@r17],[@r20]-[@r24])^ but only four of them correlated the NSE and S100 beta concentrations with time.^([@r21]-[@r24]\ )^ Hsu et al.^([@r22])^ presented an adjusted biomarker curve in which the highest concentrations were found between the fifth and seventh day following admission. Piazza et al.^([@r21])^ also found elevated levels of S100 beta by the end of the seventh day of hospitalization, and Spapen et al.^([@r23])^ noted peak levels of S100 beta between the second and third days of monitoring. However, a common thread in these studies is that, after the initiation of monitoring, patients develop higher-than-normal levels of these markers. This finding suggests that these substances should be assessed upon admission; thereafter, it is still unclear how often the marker levels should be determined for monitoring these patients. Irrespective of the method, it is proposed that monitoring should be performed because of the association between elevated levels of these biomarkers and increased mortality. Thus, it would be possible to establish a prognosis and stratify patients according to their disease severity.

A common feature observed in the studies in this systematic review is the small number of evaluated patients. The largest study included 220 patients, but only 27 patients were diagnosed with SE, thus decreasing the external validation of the results. Furthermore, various studies employed different laboratory assays to measure the S100 beta and NSE concentrations, thereby eliminating the possibility of quantitatively analyzing the results from these investigations. Another relevant fact is that most of the studies evaluated S100 beta, whereas only four studies included the analysis of NSE.^([@r10],[@r18],[@r21],[@r22])^

This systematic review has certain limitations that should be noted. The present authors only utilized the PubMed database to search for relevant articles and only included articles that were written in English, which might have limited the findings of this study.

CONCLUSION
==========

NSE and especially S100 beta are potential serum biomarkers for diagnosing and monitoring SE. However, additional studies with a larger number of patients are necessary to establish more definitive outcomes.
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